Middle East respiratory syndrome coronavirus (MERS-CoV) utilizes host cellular 16 proteases to enter cells. A previous report shows that furin, which is distributed mainly in 17 the Golgi apparatus and cycled to the cell surface and endosomes, proteolytically 18 activates the MERS-CoV spike (S) protein following receptor binding to mediate fusion 19 between the viral and cellular membranes. Here, we re-examined furin usage by 20 MERS-CoV using a real-time PCR-based virus cell entry assay after inhibition of cellular 21 proteases. We found that the furin inhibitor dec-RVKR-CMK blocked entry of 22 MERS-CoV harboring an S protein lacking furin cleavage sites; it even blocked entry 23 into furin-deficient LoVo cells. In addition, dec-RVKR-CMK not only inhibited the 24 enzymatic activity of furin but also that of cathepsin L, cathepsin B, trypsin, papain, and 25 TMPRSS2. Furthermore, a virus cell entry assay and a cell-cell fusion assay provided no 26 evidence that the S protein was activated by exogenous furin. Therefore, we conclude that 27 furin does not play a role in entry of MERS-CoV into cells, and that the inhibitory effect 28 of dec-RVKR-CMK is specific for TMPRSS2 and cathepsin L rather than furin. 29 30 IMPORTANCE 31
INTRODUCTION
MERS-CoV mutants in which the S protein lacks furin cleavage sites at R748 (the S1/S2 146 site) and/or R884 (the S2' site) were generated using a recently developed reverse 147 genetics system (22) . Western blot analysis of S proteins harboring mutations at R748 148 (R748S or R748S/R884S) detected no 80 kD cleavage product on virions (Fig. 5A , lanes 149 2 and 4). To characterize the cleavability of these S proteins within cells, Vero/TMPRSS2, 150 Huh-7 (expressing high levels of furin), and LoVo (lacking furin) cells were infected with 151 viruses and cell lysates were examined by western blotting. The S proteins of wt and 152 R884 mutant viruses in Vero/TMPRSS2 and Huh-7 cells were cleaved, but those of R748 153 mutant viruses (R748S or R748S/R884S) were not ( Fig. 5B ). By contrast, none of the S 154 proteins were cleaved in LoVo cells (Fig. 5B ). This confirmed that LoVo cells lack furin 155 activity and that the R748 mutation in S protein lies within the furin cleavage site. To 156 assess the furin-dependent cell entry of these mutant viruses, they were inoculated onto MERS-CoV 3CL protease and blocks viral RNA replication, was used for comparison.
198
The inhibitors were added at the indicated time points, and cellular RNA was isolated 6 h 199 after infection. Samples collected at 6 h post-infection were used as a control for no 200 inhibitor treatment. The amount of viral mRNA was quantified by real-time PCR.
201
Dec-RVKR-CMK and E64d/camostat showed an inhibitory effect within 30 min after 202 infection ( Fig. 7A ). By comparison, addition of lopinavir at 2 h post-infection still 203 inhibited the viral RNA replication (Fig. 7A ). In Calu-3 cells, dec-RVKR-CMK and 204 E64d/camostat showed a similar effect; both of these inhibitors act at the very early stage Next, we examined the inhibitory effect of dec-RVKR-CMK on various proteases. We 211 purchased proteases from commercial sources and tested them using a fluorescent 212 protease assay kit, which measures degradation products of fluorescein-labeled casein.
213
Unfortunately, the kit was unable to detect furin activity because casein does not contain 214 the furin cleavage site. First, 10-fold serially diluted protease was incubated with the 215 substrate to identify the appropriate concentration representing the linear phase of the 216 reaction at 30 min; this was used for the experiments described below. Next, appropriate 217 concentrations of various proteases required to degrade the substrate were mixed with 218 dec-RVKR-CMK and inhibition kinetics were measured. Figure 8A shows that a high 219 concentration (100 μM) of dec-RVKR-CMK completely suppressed the activity of 220 cathepsin L, cathepsin B, trypsin, and papain, partially suppressed that of proteinase K 221 and dispase, and slightly suppressed that of elastase and chymotrypsin. Neither E64d nor 222 bafilomycin A1 (used as a control) suppressed the activity of trypsin, chymotrypsin, or elastase ( Fig. 8B ).
224
To examine the inhibitory effect of dec-RVKR-CMK on TMPRSS2, we performed a 225 fusion-from-without (FFWO) assay as described previously (10) Huh-7 cells were grown to approximately 60% confluence in a 6-well plate (VIOLAMO, 313 Japan) and then transfected with 4 µg of the indicated BAC DNA using the 314 X-tremeGENE 9 DNA Transfection Reagent (Roche). Transfected cells were cultured at 315 37°C for the indicated times, and the culture supernatants and cell pellets were collected.
316
The culture supernatants were inoculated onto a 10 cm dish (VIOLAMO) containing 
367
To detect the S protein in MERS-CoV-infected cells, cells were dissolved in sample 368 buffer and subjected to western blot analysis as described above. After detection by an 369 anti-S2 antibody, the membrane was soaked in stripping buffer (46428; ThermoFisher, 370 USA) for 5 min at room temperature to remove the antibodies and then rinsed 10 times 4T type allele: 4T type allele:
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